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S
arcoidosis is an uncommon multisystem inflammatory disease characterized by noncaseating granulomatous infiltrates, with cutaneous manifestations occurring in 25% to 30% of cases. 1 Although studies of treatments for cutaneous sarcoidosis have been based on limited observational evidence, 2 multiple randomized clinical trials on the efficacy of systemic treatments have emerged. [3] [4] [5] [6] [7] In the absence of a standardized, validated, and widely accepted instrument to measure cutaneous sarcoidosis severity, many of these clinical trials used different ad hoc outcome instruments to assess objective clinical severity and therapeutic end points, thus limiting the validity of the results and comparability across trials. Two outcome instruments for cutaneous sarcoidosis have undergone psychometric validation. 8, 9 The Sarcoidosis Activity and Severity Index (SASI) 8 was the first instrument developed to measure cutaneous disease severity by a group of pulmonologists with expertise in treating sarcoidosis and has since been incorporated into multiple clinical studies. 5, 7, 8, 10 The Cutaneous Sarcoidosis Activity and Morphology Instrument (CSAMI) was proposed by a group of dermatologists led by the principal investigator of our study (M.R.) with experience in treating cutaneous sarcoidosis and was designed to capture disease activity and damage. 9 Among dermatologists, both instruments demonstrated excellent intrarater reliability, acceptable interrater reliability, and convergent validity, whereas the CSAMI also suggested correlation with quality-of-life measures. 9 Given the multisystem nature of sarcoidosis necessitating interdisciplinary evaluation, management, and research, a criterion standard outcome measure for the cutaneous manifestations of sarcoidosis should display satisfactory psychometric properties for use among various specialists managing this disease, including pulmonologists, rheumatologists, and dermatologists. To our knowledge, no study has examined the validity of cutaneous sarcoidosis outcome instruments across specialists. Our primary objectives were to assess the intrarater and interrater reliabilities and convergent validity of the CSAMI and SASI in a group of pulmonologists, rheumatologists, and dermatologists. Our secondary objective was to evaluate the instruments' correlations with quality-of-life measures to address construct validity.
Methods
The study was approved by the institutional review board of the University of Pennsylvania. Written informed consent was obtained from all patients.
Physician Participants
Four dermatologists, 3 pulmonologists, and 4 rheumatologistsall board-certified, attending-level physicians except 1 pulmonology fellow and 1 rheumatology fellow-with experience in diagnosing and managing sarcoidosis were invited to complete this 1-day study in October 2014. All participants completed a training session on the assessment of cutaneous sarcoidosis using the CSAMI, SASI, and Physician's Global Assessment (PGA), which constituted the 3 outcome instruments.
Patient Participants
Patients from the Cutaneous Sarcoidosis Clinic at the Hospital of the University of Pennsylvania were recruited via telephone. All eligible patients had a clinical diagnosis of cutaneous sarcoidosis that was supported by histopathologic findings. Patients were selected by one of us (M.R.) to include a range of sarcoidosis presentation and severity. However, because the SASI only evaluates sarcoidosis lesions on the face, we limited recruitment of patient participants to those with facial involvement. Thirteen patients participated on the study day (1 patient did not show), and all completed the following 3 self-administered surveys on the effect of cutaneous sarcoidosis on health-related quality of life: the Skindex-29, 11 Dermatology Life Quality Index (DLQI), 12 and Sarcoidosis Assessment Tool (SAT).
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Study Design
In this cross-sectional study, physicians rated sarcoidosis in each patient using the CSAMI, SASI, and PGA. Each physician then rerated sarcoidosis in 2 patients with each instrument.
Cutaneous Sarcoidosis Activity and Morphology Instrument
The CSAMI consists of 2 separate scales measuring inflammatory activity and disease damage. 9 The Activity scale measures inflammation, induration, and/or depression; surface changes, such as scaling and ulceration; and area of involvement. The Damage scale measures dyspigmentation and scarring. When limited to evaluation of facial areas, CSAMI scores may range from 0 to 75 (maximum activity) for the Activity scale and 0 to 10 (maximum damage) for the Damage scale. Morphologic types of cutaneous sarcoidosis lesions, including the presence of lupus pernio, were also documented. Erythema nodosum was not assessed given the focus on facial lesions.
Sarcoidosis Activity and Severity Index
The SASI measures erythema, induration, desquamation, and area of involvement for each of the 4 facial quadrants and the nose, thus producing 5 separate sets of scores per patient. 8 The instrument has since been modified to be incorporated in clinical trials as a single severity score. 5, 7, 10 The modified Facial SASI score is calculated by summing the erythema, induration, and desquamation scores; multiplying by the respective area scores; and calculating the mean across all 5 facial regions. 9 The modified Facial SASI scores may range from 0 to 72 (maximum activity/severity).
Physician's Global Assessment
At present, no criterion standard instrument exists with which we may assess criterion validity; alternatively, we use the PGA to assess convergent validity, with the expectation that valid outcome instruments would correlate positively with the PGA in reflecting overall physician-assessed disease severity. The PGA used in this study is a linear visual analog scale ranging from 0 (no evidence of disease) to 10 (extremely severe disease). The PGA has been used to rate the physician's overall impression of disease severity in instrument validation stud-ies for inflammatory skin disorders, such as dermatomyositis, pemphigus, and cutaneous sarcoidosis.
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Quality-of-Life Metrics
The Skindex-29 11 and DLQI 12 are validated and widely used dermatology-specific quality-of-life metrics. The Skindex-29 is a 29-item survey with Emotions, Symptoms, and Functioning domains, each ranging from 0 (no effect on quality of life) to 100 (effect always experienced). 11 The DLQI is a 10-item survey assessing the effect of skin diseases on the patient's life, with scores ranging from 0 (no effect) to 30 (extremely large effect). 12 The SAT is a novel health-related quality-of-life instrument developed specifically for sarcoidosis, focusing on common issues affecting patients owing to pulmonary, ophthalmic, and cutaneous involvement. 13, 16, 17 The SAT has demonstrated good internal consistency and convergent validity with the DLQI and patient-assessed global disease severity; a minimal clinically important difference has also been established. 13 Raw sum scores were used as an alternative to converted scores based on item-response theory models. 16 Our study focused on the Skin Concerns and Skin Stigma scales of the SAT to measure cutaneous sarcoidosis-specific quality-oflife burden; their maximal ranges are 0 to 40 and 0 to 20, respectively, with higher scores representing greater quality-oflife burden. These quality-of-life metrics were all used to assess construct validity, with the expectation that valid disease severity outcome instruments will correlate positively with patient-assessed effect of skin disease on quality of life.
Statistical Analysis
We performed data analyses from November through December 2014. Scores from each instrument were summarized descriptively. We assessed normality assumptions with skewness and kurtosis tests. The reliability of each instrument was analyzed using the intraclass correlation coefficient (ICC). 18 Intrarater and interrater reliability ICCs were calculated using 1-way and 2-way random-effects models, respectively, and interpreted as poor (<0.40), fair to good (0.40-0.75), and excellent (>0.75). 18, 19 Intrarater and interrater reliabilities of CSAMI morphologic types were analyzed using κ statistics. 20, 21 Convergent and construct validities were assessed by comparing the CSAMI and SASI with other physician-and patientreported outcome measures, such as the PGA and quality-oflife surveys, using Pearson product moment correlation (r value) or Spearman rank correlation (ρ value) as appropriate, with bootstrap confidence intervals. 22 Correlation statistics were interpreted as slight (0-0.2), fair (>0.2 to 0.4), moderate (>0.4 to 0.6), substantial (>0.6 to 0.8), and almost perfect (>0.8) agreement. 23 We used mixed-effects linear regression to confirm the linearity of the associations with the PGA, adjusting for interrater and intrarater variations as random effects and PGA scores as a fixed effect. Post hoc reliability analyses stratified by dermatologists and nondermatologists were performed. Statistical approach was independently reviewed and confirmed by a biostatistician who was not involved in the initial analysis (D.B.S.). All statistics were analyzed using STATA (version 12.1; StataCorp LP). We planned to include at least 12 patients with 11 physician ratings per patient to detect an interrater ICC of 0.7 with 80% power, when the ICC is 0.4 under the null hypothesis, using a 2-tailed F test with a significance level of .05.
Results
Of 22 eligible patients who were approached, 13 were available and participated in this study. Their mean (SD) age was 51.2 (10.6) years; 3 patients were male. Twelve patients were African American and 1 patient was white. Sarcoidosis involvement was documented in a mean (SD) of 1.7 (1.3) extracutaneous organ systems. The patients presented with a wide spectrum of skin disease severity as evidenced by the range of PGA scores from 0.2 to 9.8 ( Table 1) . Patients' cutaneous morphologic features, as determined by one of us (M.R.), and current treatments are displayed in eTable 1 in the Supplement. 
Intrarater and Interrater Reliabilities
Convergent Validity
The CSAMI Activity scale and modified Facial SASI demonstrated moderate correlations with the PGA ( 
Construct Validity With Quality-of-Life Measures
The 
Exploratory Analyses
Post hoc analyses of interrater and intrarater reliabilities were performed with stratification between dermatologists and nondermatologists ( Table 3) . Intrarater reliability for the CSAMI Activity and Damage scales, modified Facial SASI, and PGA were excellent among dermatologists and nondermatologists. Interrater reliability for the CSAMI Activity and Damage scales and modified Facial SASI trended higher among dermatologists than among nondermatologists; interrater reliability for the PGA was comparable between the 2 groups.
Discussion
This study was unique in its inclusion of pulmonologists, rheumatologists, and dermatologists who treat patients with sarcoidosis; by demonstrating reliability and convergent validity in this diverse group, our data lend credibility to expand the use of the CSAMI and SASI by dermatologists and nondermatologists in assessing cutaneous sarcoidosis disease activ- among dermatologists only. This result may not be surprising, given the different training and familiarity in assessing cutaneous sarcoidosis severity among specialties. Although this study was not powered to detect differences among specialties, exploratory analyses suggested a potential trend toward higher interrater reliability among dermatologists than among nondermatologists. Although this trend is consistent with a prior validation study for an outcome instrument for cutaneous lupus erythematosus, 24 overall satisfactory reliability of the instruments were nonetheless demonstrated among dermatologists and nondermatologists. Congruent with the initial validation study, the CSAMI Activity scale and modified Facial SASI demonstrated convergent validity with moderate correlations with the PGA. 9 As observed previously, the CSAMI Damage scale did not correlate well with the PGA, which is expected because the CSAMI Damage scale is designed to capture residual skin damage from prior disease activity and not currently active disease, whereas the PGA is generally used to measure current overall disease activity. An ideal outcome instrument should capture a construct of disease characteristics that reflects not only physicians' impressions of objective disease severity but also patients' subjective impressions on the effect of disease on their lives; this combination is essential for the development of clinically relevant and patient-oriented end points for interventional trials and clinical practice. Consistent with a prior validation study, 9 we demonstrated several significant correlations and trends for modest correlations between CSAMI scales with dermatology-specific and cutaneous sarcoidosis-specific quality-oflife metrics. In contrast, the SASI did not correlate with any of the quality-of-life measures. Although our study is not powered to detect more modest correlations, point estimates of the correlations between the SASI and quality-of-life metrics were slight to fair at most. Consistent with our findings, a largescaled study 13 with 173 patients enrolled in a phase 2 randomized clinical trial of 2 biological agents for treating pulmonary and/or cutaneous sarcoidosis also failed to demonstrate significant correlations between the SASI and SAT Skin Concerns and Skin Stigma scores (ρ = 0.06 and ρ = 0.10, respectively, in the patient cohort with cutaneous disease). Overall, our results provide additional support for the construct validity of the CSAMI in reflecting physician-and patientassessed disease severity measures, which should be confirmed in future research. Our small, single-center study may be limited in its generalizability to other specialists with experience in managing cutaneous manifestations of sarcoidosis. Because our study focused on the evaluation of facial lesions, the patients' assessment of disease impact from facial sarcoidosis may be limited if influenced by nonfacial disease involvement. The use of the CSAMI and SASI for nonfacial lesions has not been validated specifically among nondermatologists. In particular, the SASI instrument has since been modified in clinical trials to evaluate nonfacial lesions; the modified form and its various ad hoc-derived outcomes will require further validation. 5, 7, 10 Additional studies are needed for the thorough evaluation of psychometric properties of these instruments, including their sensitivity to change and minimal clinically important differences. 25 Instrument revisions may continue to optimize their psychometric properties in quantifying cutaneous sarcoidosis severity; for example, assessments of morphologic types may be changed to an optional feature, which in the prior study 9 had demonstrated higher reliability among only dermatologists. Recall bias may influence intrarater reliability given the relatively short time elapsed between the first and second ratings within the same day. Inclusion of trainees may cause underestimation of the true interrater reliability of the CSAMI and SASI; future validation among sarcoidosis experts from different institutions who actively engage in clinical trials may further inform validity of these instruments.
Conclusions
The CSAMI and SASI were reliable and valid in assessing cutaneous sarcoidosis among our diverse group of specialists. Given the reliability, convergent validity, and evidence supporting correlation with dermatology-specific and cutaneous sarcoidosisspecific quality-of-life metrics, we propose that the CSAMI be used as an outcome instrument for the evaluation of cutaneous disease severity in future studies of sarcoidosis.
